Introduction
Although thionylimide derivatives o f halogens and chalcogens, X -N S O (1) and E(NSO)2 (2), are well-known, no corresponding tris(thionylimide) com pounds of the main group V elements N, P, As, Sb and Bi have been described so far. We now report the synthesis and characterization of the homoleptic thionylimides As(NSO)3 and Sb(NSO)3, as well as some related organoarsenic and organoantim ony compounds containing thionylimide groups. [21] and the silyl com pound M e3SiNSO [22] [23] [24] [25] . F or example, arsenic tri(thionylimide), As(NSO)3 (3 a), is accessible by several routes starting from the trihalides AsX3 (X = F, Cl, Br), according to the following equations:
A sF3 + 3 M e3SiNSO (C H 3CN) Bu3_"AsC1" + «KNSO (or THF) 'Bu3_"As(NSO)" + «KC1 /! = 3 (3a)
2 (4 a)
(5 a)
The corresponding phenyl-substituted arsenic thionylimides, PhAs(NSO)2 (6a, m .p. 23 °C) and Ph2As(NSO) (7 a, yellow oil), were described ear lier [20] :
An analogous thionylimide transfer reaction with KNSO was used to prepare the antimony thionylimides Sb(NSO)3 (3b), 'BuSb(NSO)2 (4b) and 'Bu2Sb(NSO) (5b):
2 (4 b)
(5b)
Numerous attem pts to obtain phosphorus(III) thionylimides such as 'Bu3_"P(NSO)" (n = 1, 2, 3) in the free state were unsuccessful so far, although complexes of the type Cr(CO)5[R-,P(NSO)] (R = Me [26] , Ph [26, 27] ) and M o(CO)5[R2P(NSO)] (RMe [26] , Ph [26] [27] [28] ) can be synthesized by the reactions of the corresponding R 2PC1 complex es with KNSO. Phosphorus(V) thionylimides (R 0 )2P ( 0 ) -N S 0 (R = alkyl) are known [29] ,
The infrared spectra of the new arsenic and anti mony thionylimides ( 3 a -7 a and 3 b~5 b , respec tively) are expected to contain 3 characteristic bands, corresponding to the asymmetric and sym metric stretching vibrations (vas(NSO) and vs(NSO)) and to the angle deform ation mode (J(NSO)) of the NSO substituents (Table I) .
The very intense vas band is easily recognised be tween 1300 and 1200 cm H, and the medium-tostrong vs absorption is, as a rule, observed between 1100 and 1000 cm "1. (An earlier discussion [20] has led to the conclusion that the higher-frequency band is more associated with the v(N=S) and the lower-frequency band more with the v(S = 0 ) vi bration; the two stretching modes are apparently not strongly coupled.) It is generally difficult to identify the weak deformation band, <S(NSO), in the range between 600 and 500 cm '. Table I thionylimide compounds for comparison. In the case o f the bis(thionylimides) 4 a ,b and 6 a, the vas band is split. Only solution spectra can be given for the air-and moisture-sensitive antim ony com pounds (3 b -5 b ).
The chemistry of the arsenic(III) di(thionylimides), RAs(NSO)2 [R = 'Bu, Ph], was investigat ed briefly. Self-condensation of PhAs(NSO)2 (6a) at 100 °C leads to SO, extrusion and form ation of the eight-membered sulfur diimide heterocycle PhAs(NSN)2AsPh [20] . It appears that the A s -N bonds are the most fragile parts o f the thionyl imide compounds and are easily cleaved [20, 30] .
Thus, the 1:1 reaction of the platinum(O) com plex Pt(PPh3)2(C2H4) with 6 a gives cis-[Pt(PPh3)2(NSO)2] in ca. 70% yield [20] ; the same product is formed with 2 equivalents of M e3SiNSO. On the other hand, the corresponding trans isomer was obtained when Hg(NSO)2 was used as the source of the thionylimido ligands [31] . The cis complexes c/5-[Pt(PR3)2(NSO)2] (R = alkyl, Ph) were also prepared by the reaction of cis-[Pt(PR3)-,Cl-,] with S(NSO)-, in liquid ammonia [32] .
Due to the lone pair of electrons at the arsenic(III) center, the RAs(NSO)2 com pounds (R = 'Bu (4a), Ph (6a)) behave as Lewis base twoelectron ligands towards coordinatively unsaturat [20] . In contrast, the reaction of'B uA s(N SO )2 (4a) with the cyclopentadienyl tricarbonyl metal hy drides CpM (CO)3H (M = Cr, Mo, W) involves ad ditional A s -N bond cleavage to give the chiral arsanes 8 a -c . [33] , 'Bu (8c) [35, 36] ) were extensively studied by Malisch and co workers:
In Table II The addition of arsino-substituted sulfur diimides, S(NAs'Bu2)2, to hydrido-metal complexes CpM (CO)3H (M = Cr, Mo, W) leads to metallacycles [37] , On the other hand, 2-and 4-tolyl thionylimide react with CpW (CO)3H to give tungsten sulfinamides, [C p(C 0)3W ]S(0)N H R [38] ,
Experimental
All m anipulations were carried out under an argon atm osphere using Schlenk techniques. The glass vessels were kept at 120 °C before use in o r der to remove traces of water.
The solvents (hexane, diethyl ether, tetrahydrofuran and toluene) were heated under reflux over N a/K alloy and then distilled in a stream of argon. Acetonitrile (Fluka, puriss., p.a.) was saturated with argon and kept over molecular sieve.
The trihalides AsX3 (X = I, Cl, Br) and SbCl3 are commercially available; they were resublimed before use. Arsenic trifluoride (Alfa) was distilled before use. The organoarsenic and organoantimony com pounds PhAsCl2 [44] , 'BuAsCU [45] , 'BuSbCl2 [46] , 'Bu2AsC1 [45] and 'Bu2SbCl [47] were prepared according to literature methods. Es tablished synthetic procedures are also available for the halfsandwich tricarbonyl metal-hydrides CpM (CO)3H (M = Cr, Mo, W [48] ) and for the thionylimido compounds M e3SiNSO [23] [24] [25] , KNSO [18, 20] and Hg(NSO)2 [21] .
Arsenic tri(thionylim ide), A s(N S O ) 3 (3a)
a)
From Me3SiNSO: Arsenic trifluoride, A sF 3 (1.25 g, 9.5 mmol), was added dropwise to a solu tion of M e3SiNSO (3.85 g, 28.5 mmol) in 50 ml acetonitrile at 25 °C. The mixture was stirred for 24 h and filtered. The filtrate was concentrated to 10 ml and cooled to -2 0 °C to precipitate As(NSO)3 (3 a) as an air-and very moisture-sensitive pale-yellow solid, dec. above 148 °C. Yield 0.4 g (16%). Mass spectrum (El, 70 eV), m/e 261 (M +, 10%), 210 (As,SN" 2%), 199 (As(NSO)2, 74%), 137 (AsNSO, 26%), 135 (AsNSN, 33%), 121 (AsNS, 16%) 107 (AsS, 6 %), 91 (AsO, 42%), 89 (AsN, 13%), 75 (As, 8%), 64 (S 0 7, 34%), 62 (NSO, 28%), 48 (SO, 48%), 46 (NS, 100%).
A sN 30 3S3 (261.14)
Calcd N 16,1 S 36,8, Found N 15,6 S 36,0.
The reaction was also carried out in TH F solu tion. Colourless A sF 3 (2.6 g, 19.7 mmol) was ad ded to a solution of Me3SiNSO (8.02 g, 59.3 mmol) in 20 ml TH F. The mixture was heated under re flux (65 °C) for 3 days. Cooling to -2 0 °C gave 0.7 g (14%) As (NSO)3 (3a) . b) From Hg(NSO)2: Arsenic trichloride, AsC13 (0.37 g, 2 mmol), in 10 ml T H F was added to a stirred solution of Hg(NSO)2 (1.0 g, 3 mmol) in 20 ml T H F at 0 °C. The solution was stirred at 25 °C for 24 h and then filtered, concentrated to 10 ml and cooled to -2 0 °C. In the course of 1 week, pale-yellow crystals of 3 a precipitated which contained some Hg(NSO)2 according to the mass spectrum. The product was purified by washing with cold C H 3CN to give As(NSO)3. Yield 0.30 g (56%). c) From KNSO: A solution of AsBr3 (0.32 g, 1 mmol) in 10 ml acetonitrile was added dropwise to a suspension of KNSO (0.31 g, 3 mmol) in ace tonitrile at -4 0 °C. The mixture was stirred for 6 h at room tem perature and then filtered to remove unreacted KNSO and newly-formed KBr. The fil trate was concentrated and kept in the refrigerator at -2 0 °C to give a pale-yellow precipitate of As(NSO)3 (3a). Yield 0.08 g (32%).
Antimony tri(thionylim ide), S b (N S O )3 (3 b)
A T H F solution (10 ml) of SbCl3 (0.23 g, 1 mmol) was added to a T H F suspension of excess KNSO (0.43 g, 4.2 mmol). The mixture was stirred for 6 h at 25 °C. Excess KNSO and KBr can be re moved by filtration, and cooling of the solution gave pale-yellow, hygroscopic 3 b, dec. above 87 °C. Yield 0.08 g (27%).
tert-Butyl-substituted arsine and stibine thionylimides
General procedure: A suspension of KNSO in either acetonitrile or T H F is stirred with the equi valent am ount of the corresponding ter/-butylsubstituted arsine-and stibine chloride, respective ly, first at low tem perature (slightly above the melting point of the solvent), then at room temper ature for 4 -6 h. After filtration over a G 4 frit, the filtrate is brought to dryness and the residue ex tracted with pentane. Evaporation of pentane leaves yellow to orange oils. Starting from 2 -3 mmol of the chloride precursor, yields of 230-260 mg (3 5 -4 0 % ) of the thionylimide can be obtained. It is generally difficult to obtain satisfac tory analytical data for these moisture-sensitive compounds.
The di(thionylimides), 'BuAs(NSO)2 (4a) and 'BuSb(NSO)2 (4b), are less sensitive toward oxida tion and hydrolysis than the corresponding mono(thionylimides), 5a and 5b. Com pound 4b solidifies below room temperature. [Cp(CO)3Cr]As('Bu)(NSO) (8 a), dec. above 64 °C.
[Cp(CO)3Mo]As('Bu)(NSO) (8 b), dec. above 72 °C. 
